Objectives: To link local proinflammatory cytokines with HIV related nucleic acids in cervico-vaginal secretions and the factors associated with them. Methods: An observational study on 60 HIV positive women attending the department of obstetrics and gynaecology, University of Pavia, Italy. HIV-1 RNA in plasma, proviral HIV-1-DNA, cell associated and cell free HIV-1 RNA in cervico-vaginal secretions were evaluated by competitive polymerase chain reaction (c-PCR) and reverse transcriptase PCR (cRT-PCR). IL-1b, IL-6, and TNF-a were measured by ELISA in cervico-vaginal lavages. Multiple regression analysis on ordinal categorical variables was used to test for the simultaneous associations of clinical and microbiological variables on quartiles of cytokine concentrations in lavage samples. Results: Proviral HIV-1 DNA, cell associated and cell free HIV-1 RNA were detected in 76.7% (46/60), 70% (42/60), and 71.7% (43/60) of the patients, respectively. IL-1b concentration was directly correlated with proviral HIV-DNA (Spearman rho = 0.35, p = 0.01) and cell associated HIV-RNA levels (Spearman rho = 0.263, p = 0.05). IL-1b concentration (153.9 pg/ml) was higher (p,0.05) among women with cytological squamous intraepithelial lesion (SIL) than negative controls (73.4 pg/ml). In women with vaginal infection both IL-1b (41.7 pg/ml) and IL-6 (10.2 pg/ml) were lower (p,0.05) in comparison to negative controls (144.9 pg/ml and 23.7 pg/ml, respectively). Women receiving stable antiretroviral therapy had significantly lower TNF-a (34.4 pg/ml versus 44.4 pg/ml, p = 0.04) and higher IL-6 (24.0 pg/ml versus 1.4 pg/ml, p = 0.004) levels in lavage samples compared to untreated women. The associations between the presence of SIL, antiretroviral treatment, vaginal infection and cytokine concentrations in cervico-vaginal secretions were confirmed in multiple regression analysis. Conclusions: Local immune activation may modulate HIV-1 shedding in cervico-vaginal secretion with possible influence on vaginal physiology and host defence. Pharmacological agents lowering HIV-1 replication cause a shift to a pattern of cytokine production which seems less favourable to the transmission of the disease.
T he female genital tract is a reservoir of human immunodeficiency virus type 1 (HIV-1). The common mucosal immune system and cellular immune components contribute to immune response against HIV-1 in the female genital tract. 1 2 Indeed, a complex cascade of host proinflammatory and immunoregulatory cytokines detected in the cervico-vaginal secretions of uninfected and HIV-1 infected women modulates HIV-1 replication. 3 4 Moreover, local immune activation increases HIV-1 load in genital secretions, potentially enhancing the risk of sexual transmission of HIV-1. 5 6 We have previously shown the relevance of the detection and quantification of HIV-1 related nucleic acids in cervicovaginal secretions. 7 However, despite the progress towards the understanding of the factors responsible for HIV shedding in the lower female genital tract, little is known regarding the regulation of local immune responses in the female genital tract.
Modulation of local cytokine expression by inflammatory stimuli or pharmacological agents may affect HIV-1 replication in the genital secretions and, therefore, influence the susceptibility to sexually transmitted infections (STIs). 8 9 The aim of this study was to link local proinflammatory cytokine concentrations with HIV-1 related nucleic acid load in cervico-vaginal secretions of HIV infected women.
METHODS

Study population
From a cohort of known HIV-1 seropositive women followed at our department in the period June 2000-May 2001 for cytological screening for lower genital tract neoplasia, 63 non-pregnant HIV-1 seropositive women were recruited for this study, after they had signed informed consent. None had unprotected sexual contacts at least 3 days before the observation. A demographic and clinical questionnaire was administered to each participant. Clinical HIV staging was defined using the Centres for Disease Control (CDC) classification system. 10 Study protocol Blood and cervico-vaginal samples were obtained on the same day. Blood sample analysis included CD4+ lymphocyte cell counts and plasma HIV-RNA. After careful speculum examination, vaginal swabs were collected to diagnose infection by candida, trichomonas, or bacterial vaginosis. 7 To evaluate candida infection, vaginal specimens were inoculated on Sabouraud dextrose agar containing gentamicin (40 g/ml). The isolated strains were identified with either the germ tube test or by auxanogram (API 20 Aux; API system, Montalieu-Vercieu, France). Vaginal specimens for trichomonas isolation were inoculated in a cysteine-peptoneliver maltose fresh medium, whereas the diagnosis of bacterial vaginosis was made according to the criteria of Amsel et al. Cervico-vaginal secretions were obtained by a gentle rotation of a Dacron swab within the posterior fornix. In addition, a lavage was performed with 10 ml of RPMI 1640 medium into the vagina, followed by aspiration of the suspension after allowing 1 minute for pooling. Swabs were used to detect cell free HIV-RNA, while HIV-DNA, intracellular HIV-RNA transcripts, human papillomavirus (HPV)-DNA, and cytokines were measured from lavage samples. Finally, a Papanicolaou smear and a standard colposcopic examination were carried out. Cervical samples were examined under the microscope to confirm absence of red blood cells and spermatozoa and tested for the presence of blood contamination (reactive strips, Bayer, multistic-10 visual). Three patients were excluded from the study because cervical specimens contained haemoglobin, thus leaving 60 patients for the final analysis.
HIV related nucleic acid measurements A detailed description of the methods used to detect and quantify HIV related nucleic acids both from blood and cervico-vaginal secretions has previously been reported. 12 The supernatant from the swab was used to extract cell free HIV-RNA. HIV-DNA was extracted from the nuclei of cervicovaginal cells to minimise contamination with unintegrated DNA. RNA was extracted using the guanidinium thiocyanate method. 13 The following substrates were analysed using quantitative polymerase chain reaction (cPCR) and reverse transcription (RT)-PCR: (a) genomic HIV-RNA from plasma and cell free cervico-vaginal secretions; (b) virus specific unspliced HIV-RNA transcripts from cervico-vaginal cells; (c) proviral HIV-DNA from cervico-vaginal cell nuclei. Qualitative analysis of specific HIV-DNA and RNA sequences was first conducted by PCR and RT-PCR using the SK 426/ 431 pair of primers. 14 Quantification of DNA and RNA was performed using the primer set SK38/39 by competitive PCR and RT-PCR as described by Menzo et al.
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Quantitative results were expressed as HIV-RNA transcripts and HIV-DNA copy number per 10 5 cells, and as HIV-RNA cell free copy number per ml of cervico-vaginal secretions. Swabs were incubated in a predefined quantity of transport medium (1 ml), so it was possible to know the exact amount of cervico-vaginal secretion present in each sample (usually 200-300 ml). In our experimental conditions, the lower limit of detection of the assay was two DNA or RNA copies/10 5 cells, 20 RNA copies/ml of cervical secretions, and 200 RNA copies/ml of plasma.
HPV-DNA extraction and PCR were done on lavages as previously described. 16 HPV-DNA typing on positive samples was done with the ''Multigen HPV'' commercial kit (DiaTech, Jesi, Italy), which is based on the amplification of a 142-151 bp fragment of the L1 region by PCR and subsequent restriction fragment length polymorphism (RLFP) analysis of PCR products. The digestion pattern can yield human papillomavirus (HPV) types 6, 11, 16, 18, 31, 33, 35, and 56.
Cytokines assay
Quantitative enzyme linked immunosorbent assay (ELISA) kits (Chemicon International, CA, USA) were used to measure the concentrations of tumour necrosis factor (TNF)-a, interleukin (IL)-1b and IL-6 in the cervico-vaginal supernatants. After testing the assay kit according to the manufacturer's instructions, a dilution factor was necessary to measure IL-1b and TNF-a (lower limits of detection were 1.95 pg/ml for both) and IL-6 (lower limit of detection was 0.34 pg/ml). All samples and controls were assayed in duplicate. The TNF-a assay was performed immediately after the sample process, given the intrinsic instability of such a cytokine. The intra-assay and inter-assay coefficients of variation of TNF-a were 6.5% and 11.7%, respectively, for IL-1b they were 8.1% and 11.7%, respectively and for IL-6 they were 8.1% and 10.4%, respectively. A value of zero was assigned to any cytokine result that was below the assay's lower limit of detection.
Statistical analysis
Since the data were skewed a non-parametric approach (Mann-Whitney U test and Spearman rank correlation coefficient) was used to analyse continuous variables. Categorical analysis was carried out by Fisher's exact test and by computation of odds ratio and 95% confidence intervals. To evaluate the simultaneous associations of clinical and microbiological variables on the cytokine concentration of lavage samples we used stepwise multiple regression models on ordinal categorical variables. For this purpose the concentrations of cytokines in cervico-vaginal lavages were expressed as quartiles of concentration and inserted in the model as dependent categorised ordinal variables. In this kind of analysis numerical variables are expressed as categories and no distributional assumption about the variables is made. Independent variables were inserted either as categorised ordinal variables on the basis of quartile of concentration (HIV related nucleic acids in plasma and cervico-vaginal lavage) or counts (CD4+ cell counts) or as dichotomous variables (vaginitis, squamous intraepithelial lesion, genital HPV infection and antiretroviral treatment). Only variables significantly associated (p,0.05) with quartiles of cytokine concentration are present in final models. Statistical analysis was performed using SPSS statistical software (SPSS Inc, Chicago, IL, USA).
RESULTS
The mean age of the study population was 30.7 (SD 3.8) years. Injecting drug use was the main risk factor for HIV acquisition in 22 patients (36.7%); in the remaining patients HIV infection was heterosexually transmitted. The prevalence of cigarette smoking was 71.7% (41/60) and 10 women (13.3%) had more than one sexual partner in the 6 months preceding the study. Regarding the contraceptive method used, 22 patients (36.7%) did not use contraceptive methods, 35 (58.3%) used male condom, and only two patients (3.3%) used hormonal contraception. Fifteen women (25%) had a history of prolonged hypothalamic amenorrhoea, whereas the remaining patients were menstruating regularly. In these latter subjects cervico-vaginal samples were performed 10-20 days after menstruation. Twenty one women (35%) were at stage C of HIV disease, and 23 (38.3%) had CD4+ cell counts of less than 200 610 The associations between cytokine levels in lavage samples and cytological findings or vaginal infection are reported in table 2. IL-1b concentration was higher among women with SIL, while both IL-1b and IL-6 were lower in patients with vaginal infection in comparison to respective negative controls.
At the time of the study, 50 women (83.3%) had been receiving stable antiretroviral therapy for at least 3 months. The median duration of antiretroviral therapy was 12 months (range 3-32). Nucleoside analogues (zidovudine plus lamivudine or didanosine) only (26 women), or nucleoside analogues plus indinavir (24 women) were the antiretroviral drugs used. Women receiving stable antiretroviral therapy had significantly lower TNF-a (34.4 pg/ml, range 9-155.1 compared to 44.4 pg/ml, range 16.3-104.1; p = 0.04) and higher IL-6 levels (24 pg/ml, range 0-242.5 compared to 1.4 pg/ml, range 0-5.3; p = 0.004) in lavage samples compared to untreated women. IL-6 was undetectable in 70% (7/10) of the untreated women and in 14% (7/50) of the women receiving stable antiretroviral therapy (p = 0.001 by Fisher's exact test).
The analysis of the association between the duration of therapy and HIV and cytokine concentrations in lavage samples confirmed these findings. Duration of therapy was significantly related to the cell free HIV-RNA copy number in lavage samples (Spearman rho = 20.209, p = 0.027) and to the concentration of IL-6 (Spearman rho = 0.218, p = 0.03).
To evaluate the simultaneous associations of clinical and microbiological variables on the cytokine concentration of lavage samples we used stepwise multiple regression models on ordinal categorical variables. The analysis confirmed that independent of the presence of HIV related nucleic acids, antiretroviral treatment correlated inversely with TNF-a and directly with IL-6 cervico-vaginal concentrations (table 3) . The presence of cytological SIL was associated with increased concentration of IL-1b whereas vaginitis was inversely related IL-6 concentration. Regarding the role of HIV related nucleic acids, multiple regression analysis showed that quartiles of cell associated HIV-RNA viral load in cervicovaginal secretions correlated directly with IL-6 and TNF-a concentrations. As also evident in univariate analysis, the IL1b concentration in lavage samples was directly correlated with proviral HIV-DNA.
DISCUSSION
This study showed that the IL-1b concentration in cervicovaginal secretions was significantly correlated with proviral HIV-1 DNA and cell associated HIV-1 RNA viral load detected in the same compartment and with HIV-1 RNA viral load measured in the plasma. In addition, the detection of HIV-1 RNA in plasma was significantly linked to the presence of proviral HIV-DNA in cervico-vaginal secretions. HPV infection or vaginitis did not affect the detection of HIV-1 DNA.
On the other hand, cytological alterations of the cervix were associated with higher cervico-vaginal IL-1b concentrations, while both cytokines were lower in patients with vaginal infections. In women receiving stable antiretroviral therapy, together with a significant reduction of cell free HIV-1 RNA concentration, we were able to demonstrate significantly lower TNF-a and significantly higher IL-6 concentrations in cervico-vaginal secretions compared with untreated women.
This set of results seems to confirm the knowledge that local immune activation may modulate HIV-1 shedding in cervico-vaginal secretion with possible influence on vaginal physiology and host defence.
Several investigations 17 18 have previously shown that the shedding of HIV in the genital tract can occur in 20-30% of non-viraemic women. Vaginal infection could have a facilitating role in local HIV viral replication and shedding 17 by interacting with the local mucosal immune environment. 2 6 Specific cytokines may then be crucial to the cervico-vaginal presence of HIV. In our study we have considered IL-1b, TNFa, and IL-6 because of their clear implication in the modulation of the levels of HIV expression. 19 TNF-a increases HIV-1 proviral trascription 2 and both TNF-a and IL-1b can upregulate HIV replication through activation of the LTR promoter region. 3 In addition, IL-1 is synergic with IL-6, but not with TNF, in the upregulation of virus expression of the latently infected human promonocytic cell line U1, as measured by accumulation of steady state mRNAs and production of reverse transcriptase activity. 20 On the other hand, such cytokines may be differently affected by several cervico-vaginal infections. Indeed, Candida albicans induced considerable levels of TNF-a but not of IL-6, 21 while aerobic infections were associated with high levels of IL-6 and IL-1b in vaginal fluids. 22 The correlation between local IL-1b and proviral HIV-1 and cell associated HIV-1 RNA viral load in cervico-vaginal secretions emerging from the present study suggests that such cytokines may represent a marker of possible transmission of the disease. On the other hand, other vaginal cytokine levels correlate with vaginal viral load and not plasma HIV shedding, with a significant elevation at the time of menses and no significant changes during other phases of the cycle. 23 A very interesting finding was the significant higher levels of IL-1b in HIV infected women with SIL. Such data deserve further attention in light of the evidence that HPV infection of the cervix may influence HIV pathogenesis by inducing the production of immune and inflammatory factors that enhance HIV expression. 24 On the other hand, a highly significant association between high secretor IL-1b phenotypes and LSIL has been reported 25 while, in another study, TNF-a and IL-1b levels were significantly higher in women with cervical cancer compared with controls and CIN patients. 26 The presence of vaginal infections seemed to negatively affect the pattern of local cytokines, given the evidence of lower IL-1b and IL-6 concentrations in women with vaginitis. The difficult interpretation of this data may be because it was not the major aim of our study to characterise the cytokine pattern in relation to vaginal infections that were analysed regardless the different aetiologies. Indeed, bacterial vaginosis has been clearly associated with high levels of IL-1b or TNF-a to partially explain the mechanism by which this risk factor enhances HIV transmission. 8 On the other hand, the use of antiretroviral therapy in the majority of our study population may have altered the finding.
The evidence that stable antiretroviral treatment significantly affected the presence of cytokines in cervico-vaginal secretions and that the duration of therapy was significantly linked to both HIV shedding and IL-6 concentration, is of great interest when considering the potential significance in term of sexual transmission. Indeed, the higher cervicovaginal levels of IL-6 detected in treated women are consistent with the idea that even though it is considered proinflammatory, IL-6 may exert an anti-inflammatory action under special circumstances. 27 IL-6 contributes to the production of several proteins that could function as a protective mechanism. 28 Moreover, IL-6 inhibits IL-1b and TNF-a production not only by directly suppressing their production and release, 29 but also by stimulating the induction of the IL-1b receptor antagonist and the soluble TNF-a receptor (p55). 30 Our data showing significantly low TNF-a concentrations in treated HIV infected women are thus compatible with the hypothesis that IL-6 may exert a local protective action.
In conclusion, markers of cervico-vaginal immunity are relevant to the shedding of HIV in the genital tract. Whether or not specific cytokines may be directly involved in conditioning the risk of sexual transmission of HIV-1 remains to be established. However, there is no doubt that pharmacological agents lowering HIV-1 replication cause a shift to a pattern of cytokine production which seems less favourable to the transmission of the disease. 
